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METHOD AND APPARATUS FOR CONTROLLING 
CMP PAD SURFACE FINISH 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Application Serial No. 
10/039,749, filed October 26, 2001, pending, which is hereby incorporated by 
reference herein. 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for improving 
step height performance in a chemical mechanical planarization (CMP) 
process for semiconductor wafers. More particularly, the present invention 
relates to a method and apparatus for improving CMP performance by pre- 
conditioning the polishing pad surface finish. 

BACKGROUND 

Semiconductor wafers are typically fabricated with multiple copies of a 
desired integrated circuit design that will later be separated and made into 
individual chips. A common technique for forming the circuitry on a 
semiconductor wafer is photolithography. Part of the photolithography 
process requires that a special camera focus on the wafer to project an image 
of the circuit on the wafer. The ability of the camera to focus on the surface of 
the wafer is often adversely affected by inconsistencies or unevenness in the 

_wafer_.s_urface._ This sensitivity is_accentuated with the-current-drive-^for- 

smaller, more highly integrated circuit designs which cannot tolerate certain 
nonuniformities within a particular die or between a plurality of dies on a 
wafer. Because semiconductor circuits on wafers are commonly constructed 
in layers, where a portion of a circuit is created on a first layer and conductive 
vias connect it to a portion of the circuit on the next layer, each layer can add 
or create nonuniformity on the wafer that must be smoothed out before 
generating the next layer. 
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Chemical mechanical planarization (CMP) techniques are used to 
planarize the raw wafer and each layer of material added thereafter. 
Available CMP systems, commonly called wafer polishers, often use a 
rotating wafer holder that brings the wafer into contact with a polishing pad 
moving in the plane of the wafer surface to be planarized. In some systems, a 
polishing fluid, such as a chemical polishing agent or slurry containing 
microabrasives, is applied to the polishing pad to polish the wafer. The wafer 
holder then presses the wafer against the rotating polishing pad and Is rotated 
to polish and planarize the wafer. Some available wafer polishers use a linear 
belt rather than a rotating surface to carry the polishing pad. 

With use, the polishing pads used in standard, chemical slurry CMP 
systems become smoothed and clogged with used slurry and debris from the 
polishing process. The accumulation of debris reduces the surface roughness 
and adversely affects polishing rate and uniformity. Polishing pads are 
typically conditioned to roughen the pad surface, provide microchannels for 
slurry transport, and remove debris or byproducts generated during the CMP 
process. Standard methods for conditioning this type of polishing pad may 
use a rotary disk embedded with diamond particles to roughen the surface of 
the polishing pad. 

A goal of CMP for semiconductor wafers is to reduce the final step 
height of polished features on the semiconductor wafers. For example, 
integrated circuits are commonly built using a method known as Shallow 
Trench Isolation (STI). In STI, one circuit is isolated from another by creating 
a trench between the adjacent circuits and filling it with an insulator The 
trench is known as a field and the circuit regions are known as the active 
regions. The insulator often is deposited or spun on uniformly over the field 
and active regions, and chemical mechanical planarization is subsequently 
used to flatten the surface. 

Ideally, the higher topology regions (active regions) should be polished 
without polishing the lower topology regions (field). One problem with current 
CMP systems is that they can cause dishing on wafers where not only the 
higher, active regions on a wafers are polished, but the lower field regions are 



also polished so that an undesirably large "step height" remains between the 
active and field regions. Additionally, there is a need to reliably characterize a 
CMP process so that the improved step height performance may be repeated. 
Accordingly, further development of an apparatus and method for reducing 
step height variation and characterizing performance of equipment used in the 
chemical mechanical planarization of semiconductor wafers is desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a linear polishing system for polishing or 
planarizing a semiconductor wafer incorporating a pre-conditioning member 
supported adjacent a polishing pad according to a preferred embodiment. 

FIG. 2 is a bottom plan view of the pre-conditioning member and pre- 
conditioning member carrier of FIG. 1 . 

FIG. 3 is an alternative embodiment of the pre-conditioning member of 

FIG. 2. 

FIG. 4 is a flow chart illustrating a method of pre-conditioning a non- 
abrasive polishing pad according to a preferred embodiment. 

FIG. 5 is a graph illustrating peak temperature measurements of a pre- 
conditioned and non pre-conditioned pad. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED 
EMBODIMENTS 

In order to address the deficiencies of the prior art, a method and 
apparatus is described below for improving general planarization efficiency 
and improving step height reduction while reducing dishing during a CMP 
process so that, for example, more field oxide remains during polishing of STI 
processed wafers. Referring to FIG. 1 , a linear polisher 10 is shown that is 
suitable for use in pre-conditioning a polishing surface 12 in a belt assembly 
14. The belt assembly 14 may consist of an integrally molded belt and pad 
combination or a belt having separate polishing pad and belt components 
attached in any one of a number of ways known in the art. The linear polisher 
10 moves the belt assembly 14 linearly around rollers 16. 18 by actively 
driving one or both of the rollers 16, 18 with a driving mechanism such as a 



motor. In this manner, the polishing surface 12 of the polishing pad on the 
belt 14 moves past the surface of a pre-conditioning member 20 in a linear 
fashion. A direction of movement of the belt assembly 14 is indicated by 
arrow 22. 

A pre-conditioning member carrier 24, driven by a spindle 26, holds the 
pre-conditioning member 20 against the polishing pad on the belt 14. A 
spindle drive mechanism (not shown) applies rotational and axial force to the 
spindle 26 so that the pre-conditioning member 20 is rotated and pressed 
against the polishing surface of the pad on the belt assembly 14. In other 
embodiments, the spindle may apply axial pressure to hold the pre- 
conditioning member against the pad while not rotating the pre-conditioning 
member. Alternatively, the spindle may simply be a piston or other non- 
rotatable mechanism capable of applying a desired force to the pre- 
conditioning member carrier to press the pre-conditioning member against the 
pad. A platen 28 positioned underneath the belt assembly 14 and opposite 
the pre-conditioning member carrier 24 supports the belt assembly with a fluid 
bearing to provide a very low friction surface that can be adjusted to 
compensate for polishing variations. A slurry dispenser 34, or dispenser for 
other types of polishing fluids, may be positioned adjacent the polishing 
surface of the pad. Suitable linear polishers include the linear polishers in the 
TERES CMP System available from Lam Research Corporation of Fremont, 
California- Additional details on suitable linear polishers, and wafer carriers 
suitable for use as pre-conditioning member carriers, may be found in US Pat. 
Nos: 5.692,94T and 6,244,946, as well as pending US Application Serial No. 
08/968,333 filed November 12, 1997 and entitled "Method and Apparatus for 
Polishing Semiconductor Wafers", all of which are incorporated herein by 
reference. 

A polishing pad topology scanner 30 may be mounted adjacent the 
polishing surface 12 of the polishing pad. The polishing pad topology scanner 
30 may be a profilometer, such as the Surftest-SJ-301 available from Mitutoyo 
America Corporation of Aurora, Illinois, or any other mechanism capable of 
measuring the topology of a polishing pad surface. Examples of some other 



suitable polishing pad topology scanners include phase shift microscopes and 
scanning electron microscopes. The topology scanner 30 may be mounted to 
the polisher 10 and oriented to scan a portion of the polishing pad surface. As 
shown in FIG. 1 , the scanner 30 may be mounted to a shaft 34 that is 
positionable at various positions over the polishing pad by an actuator 32, 
such as a linear motor, lead screw, piston and cylinder assembly, and other 
electrical or mechanical actuating device. In alternative embodiments, the 
topology scanner may be separate from the linear polisher and configured to 
receive the belt assembly 14 for a surface topology analysis of the polishing 
surface away from the polisher 10. The topology scanner preferably produces 
a topology scan signal representative of topology scan data for the polishing 
surface and sends that data to a microprocessor 36 that can determine the a 
pad flatness based on the topology scan signal. The microprocessor 36 is 
also preferably in communication with the wafer polishing device to control 
operation of the wafer polishing device in response to the topology scan 
signal. Any of a number of known programmable microprocessors may be 
used to manipulate the data in the topology scan signal and control operation 
of the wafer polisher. 

The pre-conditioning member is attached to the pre-conditioning 
member carrier 24 and oriented to contact the polishing surface of the 
polishing pad. In one embodiment, the pad pre-conditioning member 20 is 
preferably formed as a single disk having an unbroken surface 38 that is 
configured to smooth the polishing surface of the polishing pad when pressed 
against a moving polishing pad for a period of time. In alternative 
embodiments, the pre-conditioning member may include multiple discrete 
components, in any one of a variety of individual shapes, that are juxtaposed 
to form the pre-conditioning member. 

An alternative embodiment of a pad pre-conditioning member 50 
composed of various components is illustrated in FIG. 3. In this embodiment, 
the pre-conditioning member 50 includes a series of components 52 in the 
shape of bars and/or discs that are combined together and placed adjacent to 
each other in order to approximate the shape and size of a larger structure 



such as the disk of FIG. 2. As with the embodiment of FIG. 2, each surface of 
the multiple components is of a roughness which, when pressed against the 
polishing pad for a period of time at some downforce will succeed in 
smoothing the pad and improving the planarization capability of the pad. In 
other preferred embodiments, the pad pre-conditioning member 20, 50 may 
be in the shape of a bar or other geometric shape. In yet other embodiments, 
the pre-conditioning member 20, 50 is structured to approximate the shape 
and size of a semiconductor wafer. 

In one embodiment, and in contrast with the commonly available 
abrasive conditioners, the pad pre-conditioning member 20, or the discrete 
components that make up a pre-conditioning member 50, may be constructed 
of any material having a smooth, unbroken surface. The pre-conditioning 
member 20 may be an unpatterned semiconductor wafer having a TEOS 
oxide film. Alternatively, the pre-conditioning member may be constructed of 
a quartz, silicon or magnesium oxide based material. Preferably, the pad pre- 
conditioning member is constructed of a material capable of maintaining a 
surface that is suitable for flattening the polishing pad surface. The pre- 
conditioning member may also be sandpaper having an aluminum oxide 
abrasive with a roughness of 320 grit, or finer. The preferred roughness of the 
pad pre-conditioning member is less than that of a diamond abrasive disk with 
randomly ordered diamonds embedded on a hard surface where the 
diamonds have a mean diameter of 60 micrometers, such as on polishing pad 
conditioners available from TBW Industries. Inc. of Furlong, Pennsylvania, 
however, the pre-conditioning member may be as smooth as the atomically 
smooth surface of a bare silicon semiconductor wafer. Because the pre- 
conditioning member is expected to become smooth with use, the exact 
material and flatness may be varied. 

As described above, the pad pre-conditioning member 20 is mounted 
or attached onto the pre-conditioning member carrier 24, as illustrated in FIG. 
1 . Preferably, the pad pre-conditioning member 20 is attached to the pre- 
conditioning member carrier 24 using any attachment means know to those of 
skill in the art, such as a vacuum seal, retaining ring, a hook and loop type 



fastener (such as VELCRO™), a screw, a belt, a cable, a snap-fit member, an 
adhesive, a captivating spring, or any other type of means for attaching one 
member to a second member. In one embodiment, the pad pre-conditioning 
member 20 is removably attached to the pre-conditioning member carrier 24, 
however, the pad pre-conditioning member 20 may be fixedly attached to the 
pre-conditioning member carrier 24. 

The pre-conditioning member carrier may be a semiconductor wafer 
carrier, such as the wafer carrier of the TERES polisher identified previously, 
or any standard gimbaled wafer carrier commonly known in the art. 
Alternatively, the pad pre-conditioning member 20 may be connected to other 
types of gimbal mechanisms. In one embodiment, the pre-conditioning 
member carrier may be connected with an actuator mechanism (not shown), 
that transports the spindle holding the pre-conditioning member carrier in a 
transverse direction to the linear direction 22 traveled by the belt assembly 14 
and applies a downward force on the spindle against the belt assembly 14. 
Suitable devices for providing the transverse motion component and the 
downforce component of the actuator mechanism include linear motors, lead 
screws, piston and cylinder assemblies, and other electrical or mechanical 
actuating devices. In another preferred embodiment, the actuator mechanism 
may also rotate the spindle while maintaining a downward pressure against 
the belt assembly and moving the pad conditioning member transverse to the 
rotational direction of the belt. 

In operation, the pad pre-conditioning member 20 is in direct contact 
with a portion of the polishing surface of the polishing pad 1 4; as iHustrated in 
FIG. 1 . The pad pre-conditioning member 20 has a width or diameter D 
defined as the distance from one end of the pad pre-conditioning member 20 
to the other, as illustrated in FIG. 2. According to a first preferred 
embodiment, the pad pre-conditioning member 20 has a width or diameter D 
that is at least as great as the diameter of the semiconductor wafers that the 
polishing pad will be later used to process. In another preferred embodiment, 
the pad pre-conditioning member 20 has a width or diameter D that is less 
than the diameter of the semiconductor wafer and is moved across the 



polishing surface by an actuator mechanism, such as mentioned above, to 
flatten an area at least as wide as the production wafers that will be 
processed with the polishing pad. Preferably, the pad pre-conditioning 
member 20 has a generally circular footprint on the polishing pad, as 
illustrated in FIG. 1 . However, as would be appreciated by those of ordinary 
skill in the art, the pad pre-conditioning member 20 can form footprints with a 
variety of shapes such as a rectangular shape, a square shape, a v-shape, a 
w-shape, a u-shape, and any other regular or irregularly shaped footprint over 
the polishing pad 14. 

Utilizing the apparatus described above, a preferred embodiment of a 
method for conditioning a polishing surface of a polishing pad will now be 
discussed. It should be understood that the process described below relates 
to pre-processing a non-fixed abrasive polishing pad (i.e. a polishing pad free 
of fixed abrasive particles) so that the polishing pad material, whether used 
with a linear, rotary, or some other form of CMP polisher, is reduced in 
roughness prior to putting the polishing pad into use to polish or planarize 
wafers. Referring to FIG. 4, a polishing pad assembly is mounted onto the 
wafer polisher (at 60). A pad pre-conditioning member is also mounted onto 
the pre-conditioning member carrier so that the pad pre-conditioning member 
is facing the polishing surface of the polishing pad assembly (at 62), 
Subsequently, the polishing pad assembly is moved on the wafer polisher 
and, while the polishing pad is in motion, the pad pre-conditioning member is 
pressed against the polishing surface to flatten the polishing surface (at 64). 

The pad pre-coh'diticTnihg process may^be ter7nihated"a^ 
flattening of the polishing pad material has been achieved. The determination 
of adequate pad flatness may be made subjectively, such as through 
polishing patterned wafers with the pre-conditioned pad and determining if a 
desired improvement in the planarity achieved on the patterned wafers is 
obtained, or objectively, by measuring the surface of the pre-conditioned pad 
for a particular indicia of pad flatness. The indicia of pad flatness, examples 
of which are provided in more detail below, are measurements of the pad 
surface that correspond with pads that have been used to achieve a desired 
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planarity on a patterned wafer. Referring again to FIG. 4, an embodiment of 
the method may include actively measuring the topology of the polishing 
surface to determine the flatness of the polishing surface (at 66). The 
measurement may be made on only one pad to determine the necessary time 
to flatten the specific type of pad and then the flattening of subsequent 
polishing pads may be achieved by repeating the process on subsequent 
identical type pads under identical conditions. Alternatively, the step of 
actively measuring the flatness may be carried out for each pad. The 
topology measurement may be made while the pad pre-conditioning member 
is being pressed against the surface, or the measurement may be made when 
the pad pre-conditioning member is positioned away from the polishing 
surface. Also, in alternative embodiments, the topology measurement may be 
made using a completely independently mounted topology scanner that is not 
connected to the wafer polisher or that requires removing the polishing pad 
assembly from the wafer polisher and positioning the polishing pad assembly 
adjacent the separately mounted topology scanner. The pad pre-conditioner 
is no longer applied to the polishing surface after the topology of the polishing 
surface attains a desired flatness (at 68). Preferably, no abrasive pad 
conditioner is applied to the polishing surface during the flattening (pre- 
conditioning) process. 

In one preferred embodiment, the polishing surface of the polishing pad 
is comprised of a blown polyurethane material, such as the IC 1000 polishing 
pad material from Rode! Corporation of Delaware, Although other polishing 
pad materials are contemplated, polishing pads with fixed-abrasive, also 
referred to as embedded abrasive, particles are not suitable for processing 
according to the disclosed embodiments. A linear wafer polisher such as the 
TERES CMP linear polisher system available from Lam Research Corporation 
of Fremont, California may be used where the pre-conditioning member 
carrier is the wafer carrier where the pre-conditioning member is preferably a 
silicon wafer having a TEOS oxide deposition layer. 

In one embodiment the linear wafer polisher is preferably run such that 
the polishing surface of the polishing pad is moving at approximately four 
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hundred feet per minute while the pre-conditioning member is pressed against 
the belt at a pressure of approximately three pounds per square inch (p.s.i.) 
for 30 minutes. Additionally, a polishing slurry, such as SS-12 from Cabot 
Corp. may be used while the pre-conditioning member is pressed against the 
polishing surface where the slurry may be the same slurry as is used in the 
wafer processing for the type of wafer designated for processing on the 
polishing pad assembly. The use of water, no fluids or combinations and 
sequences of fluids/no fluids on the pad is also contemplated. In 
embodiments where an unpatterned wafer of, for example, silicon having an 
oxide coating is used, the pad pre-conditioning may be accomplished by 
either applying the desired fluid or slurry compound while pressing the pre- 
conditioning against the pad, or by pre-wetting the pad and then pressing the 
pre-conditioning member against the pad with no fluids or slurry being added 
during the pre-conditioning process. In yet another embodiment, a completely 
dry process may be used if the pre-conditioning member is the fine grit, 
aluminum oxide sandpaper version described above. In this embodiment, no 
fluids are applied to the pad before or during application of the pre- 
conditioning member against the pad. 

Other belt speeds, pressures and pre-conditioning times are also 
contemplated as these factors may vary depending on materials used and the 
desired pad flatness. Also, although a linear polishing device has been 
discussed, any apparatus capable of moving the polishing pad surface and 
pre-conditioning member relative to one another while maintaining a pressure 
— between the pre-conditioning member and polishing^ad su 

contemplated. Such alternative devices may include a rotary polishing 
apparatus, such as those available in the MIRRA MESA integrated CMP 
system available from Applied Materials. Inc. of Santa Clara, California. 
Furthermore, embodiments are contemplated where the polishing pad is 
mounted on a movable table, such as in the apparatus disclosed in U.S. Pat, 
No. 5,851,136, entitled Apparatus for Chemical Mechanical Polishing, the 
entirety of which is incorporated herein by reference. It is also contemplated 
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that the polishing pad may be maintained In a fixed position while the pre- 
conditioner is moved along and against the polishing pad surface. 

In one preferred embodiment, the flatness of the polishing pad that has 
been flattened using the pre-conditioning member may be determined 
according to the relation: 

Pad flatness ratio = P^^^^^^S surface scan length - length of flat segments 

polishing surface scan length 

Where the polishing surface scan length is total length of polishing 
surface scanned by the topology scanner. The polishing surface scan length 
may be any length of pad surface up to the entire length of the polishing pad. 
In the case of a rotary pad. the scan length is preferably the arc length at a 
desired radius of the pad, up to the circumference of the circle formed by a 
complete rotation of the rotary pad under the topology scanner. Preferably, 
the polishing surface scan length is at least 1 millimeter (mm), and more 
preferably in the range of 2mm - 5mm. A flat segment is defined as a region 
within the polishing scan having at least a minimum length where the pad 
surface topology varies by no more than a certain amount from a 
predetermined height on the polishing surface. 

In one preferred embodiment, the minimum length of a flat segment is 
preferably 40 microns and the height variation permitted within the 40 microns 
is no more than 2 microns. Thus, the length of the flat segments in the pad 
flatness ratio set forth above is a sum of lengths of all flat segments in the 
polishing surface scan length. With this definition, the pad flatness ratio will 

vary from zero to one. pad flatness" ratio~of^To indicates a perfectly " 

smooth surface. Any of a number of standard microprocessors may be used 
to communicate with the topology scanner to determine the pad flatness ratio 
and either automatically stop the pad flattening process when a desired ratio 
is achieved, as in the case where the topology scanner is associated with the 
polisher on which a pre-conditioner is operating, or simply generate a pad 
flatness ratio for use in characterizing polishing pads that have been pre- 
conditioned on separate device. 
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In an alternative embodiment, the process flattening the polishing 
surface with a pre-conditioning member may be controlled by characterizing 
the polishing surface by an average roughness using the topology scanner in 
much the same manner as described above. In this embodiment, rather than 
using the pad flatness ratio to determine the suitable stopping point of pad 
pre-conditioning, an average roughness is determined using the polishing 
surface scan data obtained by the topology scanner. Preferably, the polishing 
surface scan data contains general peak-to-valley distance measurements for 
points along the length of polishing surface scanned. These peak-to-valley 
measurements are then averaged and compared to an acceptable value to 
determine whether the polishing pad has been flattened enough to cease pre- 
conditioning the pad. A suitable roughness ratio for a polishing pad is at least 
one. that is less than the average roughness of a new, untreated pad of the 
same type. 

Preferably, for either method of characterizing pad flatness, the 
topology scanner scans a length of polishing surface in a direction 
substantially parallel to the direction of intended movement of the polishing 
pad. For example, with a linear polishing pad assembly as shown in FIG. 1, 
the scanning performed by the topology scanner to measure the polishing 
surface flatness would be executed along a line in a direction of movement of 
the polishing pad. In the case of a rotary polishing pad. the scan of the 
polishing pad surface topology would be made along an arch segment that is 
a constant radius away from the center of the rotary pad. In alternative 
-embodiments7the scanning of the polishing pad~suff may^Be 
made at non-parallel angles to the direction of motion of the polishing pad 
surface. 

In another embodiment, the topology scanner may be implemented as 
an infrared (IR) detector configured to measure the temperature of the portion 
of the pad that emerges from under the pre-conditioning member. Based on a 
comparison with pad temperatures of a pad that has not been pre-conditioned 
according to the method described above, an assessment may be made as to 
when the measured temperature on a pad being pre-conditioned is low 



enough to indicate a suitable pad flatness. FIG. 5 illustrates one example of 
peak temperature measurements 70 made with an IR sensor of a pad that 
has not been pre-conditioned and the peak temperature measurements 72 of 
the same pad during pre-conditioning. 

In the example of FIG. 5, the first wafers are polished on the new pad 
(non-preconditioned) with a standard embedded diamond pad conditioner 
roughening the pad. As seen in FIG. 5, the peak temperature measurements 
70 on the pad surface as it passes from under the wafer is on the order of 66 
degrees Fahrenheit. When the standard conditioner is removed and a 
semiconductor wafer is used to smooth the pad surface, the peak temperature 
measurements 72 drop quickly at first and then continue to drop In smaller 
increments as subsequent wafers are pressed against the pad without the 
roughening pad conditioner until the peak temperature reaches roughly 62.5 
degrees Fahrenheit. The pad temperature decreases as the pad becomes 
smoother and friction decreases. 

As can be seen, the pad that was not pre-conditioned shows a higher 
temperature than the pre-conditioned pad under the same polishing 
conditions. An appropriate pad flatness may be noted by either an absolute 
temperature already determined as suitable for a specific pad type under 
given wafer polishing conditions, or by simply noting a temperature threshold 
of a non pre-conditioned pad and attaining a lower temperature for a pre- 
conditioned pad of the same type. The process of reducing the roughness of 
a new polishing pad preferably involves primarily flattening the polishing 
surface of the polishing pad and involves little or no removal/wear of the 
polishing pad material during the pre-conditioning process. The pre- 
conditioning process of reducing the roughness of a polishing pad may be 
performed at any time in the life of the polishing pad. 

For example, a new polishing pad may be preconditioned according to 
the above-described process and that pad may be used in normal CMP 
processing for the remainder of its life. Including use with standard pad 
conditioners that remove excess slurry and debris during standard slurry- 
based CMP processing, without requiring subsequent re-conditioning 
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(flattening). Alternatively, a polishing pad that has already been used in a 
CMP process may be flattened according to the process described above and 
then reintroduced into CMP processing without need of any further flattening 
to maintain a desired improvement in step-height reduction on process 
semiconductor wafers. Preferably, a pre-conditioned polishing pad that is 
placed in service is subjected to lesser pressures by the standard conditioners 
so that, while still usable with standard pad conditioners in normal CMP 
processing, the polishing pad does not lose the benefit of the pre-conditioning 
that flattened the pad surface. In alternative embodiments, the amount of 
step height reduction improvement achieved using a pre-conditioned 
(flattened) polishing pad obtained using the devices and methods described 
herein may be adjusted by slightly re-roughening the pad surface with a 
standard abrasive pad conditioner. 

Thus, unlike pad conditioners in abrasive slurry CMP applications, 
where highly abrasive pad conditioners (e.g. with diamond grit) are used to 
abrade the polishing pad surface, an embodiment of the present invention 
utilizes a relatively smooth surfaced pad pre-conditioning member to press 
down the polishing surface until the desired smoothness, which may be 
characterized by a pad flatness ratio in one embodiment, is achieved. By 
pressing down the non-abrasive polishing pad material in a manner to smooth 
and flatten the surface of the polishing pad material, step height reduction and 
planarization efficiency on patterned wafers is improved. 

As has been described above, a method and apparatus for pre- 
conditioning a non-abrasive polishing pad material has been disclos 
apparatus may consist of a conditioning member to be pressed against the 
polishing surface with the purpose of flattening the non-abrasive polishing 
surface of the polishing pad prior to processing patterned wafers. The 
method includes applying the surface of the conditioning member to the pad 
while moving the linear belt or rotary pad. A polishing fluid or slurry may be 
used in some embodiments or the pad may be pre-wetted or dry in other 
embodiments. The topology of the polishing surface may be monitored to 
determine if a desired pad flatness has been reached. The presently 
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preferred method and apparatus has the advantage of improving the step- 
height reduction of a polishing pad on semiconductor wafers in a repeatable 
manner. 

It is intended that the foregoing detailed description be regarded as 
illustrative, rather than limiting, and that it be understood that the following 
claims, including all equivalents, are intended to define the scope of this 
invention. 
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